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Abstract. The aim of the present study was to explore
the mechanism of protein kinase C delta binding protein
(PRKCDBP) promoting cisplatin resistance in lung adenocarcinoma (LAD). The PRKCDBP expression level was herein
detected by reverse transcription‑quantitative polymerase
chain reaction (RT‑qPCR). We overexpressed PRKCDBP
and tumor necrosis factor‑α (TNF‑α) in A549/DDP cell line,
DNMT1 in A549 cells and siRNA TNF‑ α in A549 cells
with lentivirus‑mediated technique, and then, analyzed their
biological diversification. The results showed a significantly
lower expression level of PRKCDBP was lowly expressed in
the A549/DDP cell line and LAD tissues than that in A549
cells and adjacent cancer tissues (P<0.05 and P<0.01), while
the DNMT1 mRNA level was remarkably increased (P=0.000)
and the promoter of PRKCDBP was hypermethylated in the
A549/DDP cell line. Additionally, DNMT1 mRNA level in
cisplatin‑insensitive group was markedly higher than that in
cisplatin‑sensitive group (t=7.233, P<0.0001), while PRKCDBP
mRNA level in cisplatin insensitive group was notably lower
than that in cisplatin‑sensitive group (t=8.784, P<0.0001). The
results showed that PRKCDBP mRNA level was significantly
elevated following treatment with 5 µM decitabine for 24 h
(P<0.0001), while the DNMT1 mRNA level was notably
reduced (P=0.000). When PRKCDBP was overexpressed, the
DNMT1 mRNA level was markedly decreased (P=0.007),
the rate of proliferation (P<0.05 or P<0.01), IC50 of cisplatin
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(P<0.001), G2/M phase and S phase cells were obviously
reduced (P<0.001), while G0/G1 phase cells, apoptosis
(P<0.001) distinctly increased, but migration ability did not
significantly change. TNF‑ α overexpression resulted in an
increase of PRKCDBP mRNA level (P<0.001), while TNF‑α
siRNA led to PRKCDBP mRNA level distinctly reduced
(P<0.001). Overexpression of DNMT1 improved IC50 in
A549 cells. Thus, findings of the present study ascertained the
promoter of PRKCDBP was hypermethylated in A549/DDP
cells. In conclusion, low expression of PRKCDBP promoted
cisplatin resistance in LAD by DNMT1 and TNF‑α.
Introduction
Lung cancer is the leading cause of death from cancer
worldwide, with the highest incidence and mortality among
different types of cancers (1). Lung adenocarcinoma (LAD)
is the most common type of non‑small cell lung cancer
(NSCLC), accounting for 40% of lung cancer (2). Although
some targeted and immunological drugs have been presented,
cisplatin‑based combination chemotherapy plays a significant
role in comprehensive treatment programs of lung cancer (3).
With the large‑scale application of cisplatin drugs, tumor cells
become resistant to those drugs, and the therapeutic effects
of chemotherapy have markedly reduced. (4). A previous
study demonstrated that long‑term use of cisplatin drugs in
patients with lung cancer lead to a relapse rate of more than
60%, while the remission rate of relapsed lung cancer chemotherapy drugs was less than 30% (5). The remission rate of
the current chemotherapy regimen for lung cancer was only
30‑40%, and the five‑year survival rate was lower than 15%
in patients with advanced LAD (6). Once the cancer cells are
resistant to cisplatin, they may be resistant to various first‑line
chemotherapeutic drugs, such as doxorubicin, vinblastine,
fluorouracil, and mitomycin (7). Therefore, it is imperative to
identify specific molecular targets and biomarkers related to
cisplatin resistance in LAD to reverse resistance to cisplatin.
Previous findings have shown that cisplatin is a non‑specific
cell cycle cytotoxic drug which plays a role mainly by inhibiting DNA synthesis (8) and inducing apoptosis (9) of tumor
cells. The resistance mechanism of cisplatin is extremely
complex and involves multiple genes, proteins and several
pathways and is related to some mechanisms, such as reduced
drug uptake, increased drug inactivation, and increased DNA
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damage repair (8‑12). Despite progress in the field of genomics
and proteomics, the resistance mechanism of cisplatin has
remained elusive.
The NSCLC A549 cell line is sensitive to cisplatin. The
A549 cell is gradually induced by the cisplatin drug to produce
A549/DDP, which can maintain stable drug resistance to cisplatin. In a previous study, we used high‑throughput microarray
technology to compare LAD cisplatin‑resistant A549/DDP
cell and cisplatin‑sensitive A549 cell, and obtained differential
mRNA expression profiles of LAD cisplatin‑resistant (13). Use
of mRNA microarray and reverse transcription‑quantitative
polymerase chain reaction RT‑PCR (RT‑qPCR) demonstrated
that protein kinase C delta binding protein (PRKCDBP)
is an mRNA molecule with the length of 1,039 bp which is
downregulated in A549/DDP. PRKCDBP is genetically and
epigenetically altered in several human malignancies and is a
tumor suppressor gene, and its low expression levels may be associated with a high degree of methylation of PRKCDBP (14‑17).
Thus, it was found that low expression of PRKCDBP could play
a key role in LAD resistance to cisplatin.
The role of PRKCDBP in LAD resistance to cisplatin is
not well understood. In the present study, we overexpressed
PRKCDBP in A549/DDP by lentiviral technology to determine
the underlying mechanism.
Materials and methods
Human LAD tissue specimen. Patients with LAD were
recruited from the First Affiliated Hospital of Wenzhou
Medical University (Wenzhou, China) from May 2010 to
July 2015. The inclusion criterion was that patients with
primary LAD were in stages IIIB to IV. The first‑line chemotherapy was cisplatin (25 mg/m 2) in the first 1 to 3 days,
and combined with gemcitabine (1,000 mg/m 2) or paclitaxel
(80 mg/m2) on the 1st and 8th days. A cycle of chemotherapy
was considered 21 days and each patient was treated for 3
to 4 cycles. According to medical imaging examinations
[including computed tomography (CT), magnetic resonance
imaging (MRI)] and the results of serum lung tumor markers
and response evaluation criteria in solid tumor (RECIST) standards, the patients were grouped into the ‘cisplatin sensitive
group’ (complete remission + partial remission) and ‘cisplatin
insensitive group’ (progress). The specimens, which included
25 cisplatin‑sensitive and 32 cisplatin‑insensitive specimens,
were strictly identified by the Department of Pathology
(Wenzhou, China). The study was approved by the Ethics
Committee of the First Affiliated Hospital of Wenzhou Medical
University (no. 2014005). We analyzed PRKCDBP expression
level in the GEPIA website (http://gepia.cancer‑pku.cn/index.
html) and survival analysis of PRKCDBP in Kaplan‑Meier
plotter website (http://kmplot.com/analysis/index. php?).
Cell culture. BEAS‑2B, A549, and A549/DDP cells were
cultured in Roswell Park Memorial Institute (RPMI)‑1640
medium containing 10% fetal bovine serum (FBS), in which
a single‑cell suspension was prepared by gentle pipetting in
complete medium, and the cell suspension was transferred to
a cell culture flask with a pipette and placed in an incubator at
37˚C, with 5% CO2. A549/DDP was added to 2 µg/ml cisplatin
to maintain drug resistance. When the cell growth status was
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satisfactory, the cell passage was performed at a confluency of
70‑90%.
RT‑qPCR. Total RNA of tissues and cells was extracted using
TRIzol® reagent (Invitrogen) and reverse‑transcribed into cDNA
using a PrimeScript RT Reagent kit (Takara), in accordance
with the manufacturer's instructions. The reverse transcription
reaction was carried out at 37˚C for 15 min and the inactivation
reaction of reverse transcriptase at 85˚C for 5 sec. The levels
of PRKCDBP, DNMT1, DNMT3a, tumor necrosis factor‑α
(TNF‑α) and β‑actin were measured via Applied Biosystems
7500 Fast Real‑Time PCR System (Thermo Fisher Scientific).
The primer sequences used for PCR were: PRKCDBP, upstream:
5'‑CAGGACACCGAGGAAGAT‑3', downstream: 5'‑TCAGGC
TAC ACT C TC CAT T‑3'. DNMT1, upstream: 5'‑AGG T GG
AGAGTTATGACGAGGC‑3', downstream: 5'‑TCAGGCTAC
ACTCTCCATT‑3'. DNMT3a, upstream: 5'‑CGGCCATAC
GGTG GAG C‑3', downstream: 5'‑TATCGTG GTC TTTGG
AGGCG‑3'. TNF‑α for upstream: 5'‑TCCCCAGGGACCTCT
CTC TA‑3', downstream: 5'‑GAG  G GT  T TG  C TACAACAT
GGG‑3'. β‑actin for upstream: 5'‑CATGTACGTTGCTATCCA
GGC‑3', downstream: 5'‑CTCCTTAATGTCACGCACGAT‑3'.
Then, 20 µl PCR reaction volume was determined with 6 µl
double‑distilled water, 10 µl SYBR‑Green I Premix mixture
(2X, Takara), 1 µl PCR forward primer (10 mM), 1 µl PCR
reverse primer (10 mM) and 2 µl cDNA template. The qPCR
reaction program included a denaturation step of 10 min at 95˚C,
followed by 40 cycles (for 5 sec at 95˚C, and for 30 sec at 60˚C),
and a final extension step for 5 min at 72˚C. All samples were
normalized to β‑actin. The relative gene expression data were
calculated using the median triplicate (ΔCq=Cq median target
gene‑Cq median β‑actin), and 2‑ΔΔCq method (18).
Constructed lentivirus‑mediated overexpression and siRNA
vector. The overexpression vector targeted PRKCDBP (OE)
as well as negative control vector (OE‑NC)‑transfected
A549/DDP cells, overexpression vector targeted TNF‑ α
(TNF‑ α OE) as well as negative control vector (TNF‑ α
OE‑NC)‑transfected A549/DDP cells, and the overexpressed vector targeted DNMT1 (DNMT1 OE) and negative
control vector (DNMT1 OE‑NC) (Genechem)‑transfected
A549 cells. A549 cells were transfected with siRNA vector
targeting TNF‑α (TNF‑α siRNA) and negative control siRNA
(NC‑siRNA) (TNF‑α siRNA NC) (Genechem). Transfection
was performed by seeding 2x105 cells into a six‑well plate, and
after 24 h the medium was aspirated and incubated at 37˚C
for 8‑12 h with transfection complex (including vector and
infection enhancer) according to the manufacturer's protocol
and the MOI value (MOI=10) was calculated. The A549/DDP
and A549 cells were infected with lentivirus for 72 h and
treated with 2 µg/ml puromycin, and the overexpression
efficiency was detected by RT‑qPCR.
Decitabine processed A549/DDP cells. As a specific DNA
methyltransferase inhibitor, decitabine can reverse the methylation process of DNA (19). After the cells were counted,
200,000 cells were seeded into 6‑well plates. After 12 h,
the solution was changed and the drug was added: The final
concentration of decitabine in the experimental group was
5 µM, and the cells were treated for 24 h.
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Figure 1. Expression level and survival analysis of PRKCDBP in LAD and adjacent tissues. (A) PRKCDBP expression level in LAD tissues was markedly lower
than that in adjacent cancer tissues (http://gepia.cancer‑pku.cn/detail.php?gene=PRKCDBP, P<0.05). (B) The expression of PRKCDBP was not relevant
with the histological differentiation (F=1.86, P=0.135, http://gepia.cancer‑pku.cn/detail.php?gene=PRKCDBP). (C) Survival analysis showed that OS of high
expression level of PRKCDBP was not different from low expression level of PRKCDBP (HR=1.24, log‑rank P=0.065), as shown by Kaplan‑Meier plotter.
*
P<0.05. PRKCDBP, protein kinase C delta binding protein; LAD, lung adenocarcinoma; OS, overall survival.

Cell migration assays. Migration assays were performed with
8.0‑µm pore inserts (Millipore) in a 24‑well plate. For the migration assay, 2x104 cells with culture medium (without serum)
were seeded into the upper compartment and RPMI‑1640
medium containing 10% FBS to the lower chamber of the
Transwell inserts. Migrated cells were fixed with methanol and
stained using 0.1 % (w/v) crystal violet, then bleached with 33%
acetic acid. Absorbance value was measured at 570 nm on a
microplate reader. Each experiment was performed in triplicate.
Cell viability assay. Cell viability was evaluated by Cell Counting
Kit‑8 (CCK‑8; Corning, Inc.) as per the manufacturer's instructions. Briefly, 3,000 cells were re‑suspended and seeded into a
96‑well plate supplemented in the presence of 10% FBS and
cultured for a week. The following day, the cells were incubated
with CCK‑8 for 1 h at 37˚Cand the absorbance was measured
at 450 nm using a multifunctional microplate reader (Tecan).
Cisplatin sensitivity test. The cell inoculation density was
2,000 cells/well. After 24 h of cell attachment 100 µl of

complete medium (containing cisplatin) was added to each well.
The concentration of cisplatin was 1, 2, 4, 10 and 25 µg/ml, and
only the zeroing hole of the medium and the control hole of the
single‑cell suspension was set to zero. After 48 h of cultivation, the culture medium was replaced with complete medium
containing 10% CCK8. The cultivation was for 45 min. A
microplate reader detected the absorbance at 450 nm wavelength, cell viability %=(A plus‑A blank)/(A0 plus drug‑A
blank) x100%, using the SPSS18.0 software profit regression
model to calculate the IC50 of the cell.
Western blot detection of PRKCDBP. The loading volume of
each sample was 30 µg, proteins from whole cell lysates were
prepared in 1X sodium dodecyl sulfate buffer, separated by 10%
sodium dodecyl sulfate‑polyacrylamide gel electrophoresis
(SDS‑PAGE) and transferred to a PVDF (polyvinylidene difluoride) membrane (Millipore). The membranes were blocked
with 5% non‑fat milk (RT, 1 h) and incubated with respective
primary antibodies (PRKCDBP, 16250‑1‑AP, 1:1,000; actin,
HRP‑60008, 1:4,000; 4˚C, overnight). Membranes were then
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Figure 2. The expression level of PRKCDBP, DNMT1, DNMT3a from A549 and A549/DDP cells. (A) Compared to normal human bronchial epithelial cell line
BEAS‑2B, PRKCDBP mRNA level of A549 cells quickly decreased (t=12.97, P=0.0002). Compared to A549 cell, the expression levels of PRKCDBP mRNA
level were signifantly reduced (t=115.3, P<0.0001), After overexpression of PRKCDBP in A549/DDP cells, the expression level of PRKCDBP mRNA was
signifantly increased compared to that of A549/DDP and A549/DDP NC (F=28326, P<0.0001). (B) Compared to the A549/DDP NC group, DNMT1 mRNA
level of PRKCDBP OE 549/DDP was clearly decreased (t=5.127, P=0.007). (C) DNMT3a mRNA level was not significantly different in A549/DDP cells
(t=4.525, P=0.110). (D) The expression levels of DNMT1 mRNA of OE group were markedly higher than that of A549 and A549 OE‑NC (F=28326, P<0.0001).
(E) DNMT1 mRNA level in the cisplatin‑insensitive group was markedly higher than that of the cisplatin‑sensitive group (t=7.233, P<0.0001). (F) PRKCDBP
mRNA level in the cisplatin‑insensitive group was notably lower than that of cisplatin‑sensitive group (t=8.784, P<0.0001). (G) Compared to A549 cells, the
expression levels of PRKCDBP protein level were signifantly reduced in A549/DDP (P<0.001), after overexpression of PRKCDBP in A549/DDP cells, the
expression levels of PRKCDBP protein level were signifantly enhanced than that of A549/DDP and PRKCDBP OE‑NC A549/DDP (F=28326, P<0.0001).
##
P<0.01, ###P<0.001, ***P<0.001. PRKCDBP, protein kinase C delta binding protein.
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Figure 3. PRKCDBP was not relative to cell migration. (A) Cell migration experiment results of PRKCDBP OE A549/DDP group. (B) Cell migration
experiment results of PRKCDBP OE NC A549/DDP group. (C) OD570 value of PRKCDBP OE A549/DDP group was silimar to that of PRKCDBP OE‑NC
A549/DDP group (t=1.654, P=0.213). Thus, the cell migration ability of A549/DDP cell did not change after PRKCDBP was overexpressed. PRKCDBP,
protein kinase C delta binding protein.

washed and incubated with horseradish peroxidase‑conjugated
secondary antibody (anti‑rabbit IgG Sc‑2004, 1:3,000; 4˚C,
overnight). The size of PRKCDBP is 35‑40KDa, and the size
of actin is 43 kDa. The signals were detected using ECL Plus
kit. Gray value was measured with image J.
Flow cytometry to detect apoptotic rate. A549 cells were
inoculated in 6‑well plates at a density of 1.0x106 cells/well.
After various treatments for 48 h, the cells were collected and
digested with 0.25% trypsin at 37˚C for 3‑4 min. The cells were
gently pipetted and collected by centrifugation at 800 x g for
5 min in room temperature. Then, the cells were washed twice
with cold phosphate‑buffered saline (PBS) and re‑suspended
in PBS prior to being stained with binding buffer. Added 1 ul
AnnexinV PE and mix well and reacted at room temperature
in the dark for 15 min. Then added 5 ul 7‑AAD dye solution,
mixed well, and reacted at room temperature in the dark for
15 min. Apoptosis was analyzed with a flow cytometer and the
percentage of apoptotic cells was determined.
Cell cycle assay. The cells were harvested by centrifugation
at 85 x g for 10 min in room temperature, fixed with 70%
ethanol and incubated at 4˚C overnight. The cells were resuspended with 400 µl PBS (containing 2 mg/ml RNA enzymes)
and incubated at 37˚C for 30 min, followed by the addition of
400 µl propidium iodide (0.1 mg/ml) for 10 min and detection
of DNA content by a flow cytometry analyzer (Cytomics FC
500; Beckman Coulter). The results were analyzed using
MultiCycle software.

Bisulfite (BSP) sequencing PCR. i) Sulfite treatment and
purification (Qiagen) as per the manufacturer's protocol,
followed by 1 µg of DNA for sulfite conversion, purification,
and recovery. ii) Primer design (the underlined sequence is the
area to be tested, and the thick black part base is the PCR primer
position): CCAACACAGTCTCTGCGCCCACTAAGATGC
ATGA AATAAA AAT TTCCGTGACTCGCCCTTTGCAG
TGGAGAACTGAAACAGGCACACCAGGGAATTGGAG
CGGAGGAGG GTA ACTCAA ACTCAGAGTGAGAGG GT
TTGCAGGGGGCCGATTTGGGGCCAACAGGCTTCCCA
GCAG GCC CCCGGCGCG GGACAG CGGAAG GCGAA
ACGCTTTCAAGAGACCCCGCTGCCAACATCCCCACG
CCCTCGCGCCCTCCCGCCGCCCCAGAAG GCCAACT
CCGCC TGC CTGAGT CACAGC TGGAGC TGG GGAGG
AGCCAGG GA A AGGAGG CCCCTGACCGTAGTG CG
GCCAGCA. PRKCDBP, upstream primer: 5'‑TTTT TTGTA
GTGGAGA ATTGA A ATAG‑3', downstream primer: 5'‑ATC
AAAAACCTCCTTTCCCTAACT‑3'. iii) PCR thermocycling
conditions were: PCR system (30 µl), including 3 µl 10X Taq
buffer, 1 µl dNTP, 1 µl enzyme, 1 µl H2O2, 1 µl upstream primer
(10 µM), 1 µl downstream primer (10 µM), 2 µl template.
Reaction conditions were: 95˚C 10 min, 40 cycles including
94˚C for 30 sec, 55˚C for 30 sec, 72˚C for 40 sec. Finally, the
extension was reacted at 72˚C for 5 min. iv) T/A cloning and
sequencing. The target fragment was purified and XL10‑Gold®
ability, transformation, resuscitation and vaccination were
carried out according to the manufacturer's protocol. Positive
colonies were identified by enzyme digestion to identify the
plasmid used for sequencing.
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Figure 4. Overexpression of PRKCDBP inhibited cell proliferation and decreased IC50 in A549/DDP cells. (A and B) OD450 of PRKCDBP OE A549/DDP and
PRKCDBP OE‑NC A549/DDP groups gradually enhanced as time changes. Compared to PRKCDBP OE‑NC A549/DDP group, the OD450 of PRKCDBP OE
A549/DDP group clearly reduced in the 0 h (P<0.05), 24 h (P<0.05), 48 h (P<0.01), 72 h (P<0.01). The IC50 of cisplatin in PRKCDBP OE A549/DDP group
(5.98±1.20 µg/ml) was lower than A549/DDP (10.68±2.12 µg/ml, P<0.001) and PRKCDBP OE‑NC A549/DDP group (10.87±2.21 µg/ml, P<0.001). *P<0.05,
**
P<0.01, ***P<0.001. PRKCDBP, protein kinase C delta binding protein.

Figure 5. Overexpression of PRKCDBP promoted cell apoptosis. Apoptosis assay shown that (A) total apoptotic rate (11.07±0.74%) in PRKCDBP OE
A549/DDP group were distinctly higher than (B) that (7.46±0.39%) of PRKCDBP OE‑NC A549/DD group (t=8.652, P<0.001) and it suggested overexpression
of PRKCDBP promoted cell apoptosis. PRKCDBP, protein kinase C delta binding protein.

Statistical analysis. Differences in variables among
groups were tested using one‑way ANOVA with the least
significant difference (LSD) test as the post hoc test for
the normal distribution or Kruskal‑Wallis test for the
non‑normal distribution. A comparison between the two
groups was performed by the LSD test or Student's t‑test or
Mann‑Whitney U test. Survival analysis is carried out using
Kaplan‑Meier and a log‑rank test. P<0.05 was considered
statistically significant.
Results
Expression level and survival analysis of PRKCDBP in
LAD and adjacent tissues. According to GEPIA website,
Kaplan‑Meier plotter website, and Fig. 1, the expression
level of PRKCDBP in LAD tissues was markedly lower
than that in adjacent cancer tissues (http://gepia.cancer‑pku.
cn/detail.php?gene=PRKCDBP, P<0.05; Fig. 1). The PRKCDBP

expression level was not significant in the histological differentiation of lung cancer (F=1.86, P=0.135). It was found that overall
survival (OS) of high expression level of PRKCDBP was not
significantly different from low expression level of PRKCDBP
[hazard ratio (HR)=1.24, log‑rank P=0.065], as indicated by
the Kaplan‑Meier plotter (http://kmplot.com/analysis/index.
php?p=service&start=1) (Fig. 1A‑C). DNMT1 mRNA level in
the cisplatin‑insensitive group was markedly higher than that of
the cisplatin‑sensitive group (t=7.233, P<0.0001, Fig. 2E) while
PRKCDBP mRNA level in the cisplatin‑insensitive group was
notably lower than that of cisplatin‑sensitive group (t=8.784,
P<0.0001, Fig. 2F).
Expression levels of PRKCDBP, DNMT1, DNMT3a in A549
and A549/DDP cells. Compared with BEAS‑2B cells, the
PRKCDBP mRNA level in A549 cells was significantly
decreased (t=12.97, P=0.0002). Compared with A549 cells, the
expression levels of PRKCDBP mRNA and protein levels were
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Figure 6. Result of cell cycle after overexpression of PRKCDBP. (A) Cells of G0/G1 phase (80.07±2.4%) in the PRKCDBP OE A549/DDP group were
significantly increased (t=22.147, P<0.001) as compared to the (B) PRKCDBP OE‑NC A549/DDP group (72.24±2.1%), while those in the S (12.51±0.21%) and
G2/M (9.31±0.11%) phase were clearly decreased (18.65±0.13 and 10.99±0.12%) (t=‑4.15, P<0.001 and t=‑8.02, P<0.001). PRKCDBP, protein kinase C delta
binding protein.

Figure 7. Methylation of PRKCDBP promoter. (A) A549/DDP, (B) A549 cells. Black circle, methylation. The results of BSP showed that the degree of
methylation of PRKCDBP promoter in A549/DDP cells (66/75) was distinctly higher than that in A549 cells (56/75) (Table I). PRKCDBP, protein kinase C
delta binding protein.

markedly reduced (t=115.3, P<0.0001) (Fig. 2A, D and G),
while the DNMT1 mRNA level was markedly elevated in
A549/DDP cell line (t=10.413, P<0.001) (Fig. 2B). By contrast,
DNMT3a mRNA level was not significantly different in
the A549/DDP cell line (t=4.525, P=0.110) (Fig. 2C). After
overexpression of PRKCDBP in A549/DDP cells, PRKCDBP
mRNA and protein levels were notably increased compared

with A549/DDP and A549/DDP NC (F=28326, P<0.0001)
(Fig. 2A and E). Similarly, DNMT1 mRNA level in DNMT1
OE A549 group was significantly higher than that of A549
and DNMT1 OE A549 NC (F=28326, P<0.0001) (Fig. 2D),
which indicated successful establishment of a lentiviral vector‑
mediated overexpression of PRKCDBP in the A549/DDP group
and overexpression of DNMT1 in the A549 group. Compared

A549
4/580.0 1/520.0 5/5100.0 3/560.0 4/580.0 5/5100.0 5/5100.0 4/580.0 5/5100.0 4/580.0 3/560.0 2/540.0 3/560.0 3/560.0 5/5100.0 56/7574.7
Me‑CpG																
A549/DDP 5/5100.0 4/580.0 5/5100.0 5/5100.0 5/5100.0 5/5100.0 5/5100.0 5/5100.0 5/5100.0 4/580.0 4/580.0 4/580.0 5/5100.0 4/580.0 1/520.0 66/7588.0
Me‑CpG																

125 (%)
120 (%)
113 (%)
105 (%)
103 (%)
100 (%)
66 (%)
20 (%)
CpG
position

Table I. PRKCDBP methylation status of each CpG site among A549 and A549/DDP cell lines.

141 (%) 158 (%) 164 (%) 166 (%) 174 (%) 177 (%) 196 (%)

Total (%)
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Figure 8. Relative genes change after 5 µM decitabine. (A) Expression of
PRKCDBP mRNA was obviously increased after treatment with 5 µM
decitabine for 24 h (t=16.00, P<0.0001), (B) while the level of DNMT1
mRNA was significantly reduced (t=48.422, P<0.001). **P<0.01, ***P<0.001.
PRKCDBP, protein kinase C delta binding protein.

to A549/DDP NC group, DNMT1 mRNA level was markedly
decreased (t=5.127, P=0.007) (Fig. 2B), while DNMT3a
mRNA level did not significantly change in PRKCDBP OE
A549/DDP group (t=0.849, P=0.444) (Fig. 2B). Due to the
low expression level of PRKCDBP in LAD tissues and A549
cells, DNMT1 mRNA level in the A549/DDP cell line was
markedly elevated, suggesting that PRKCDBP may be a
hypermethylation state in A549/DDP cell line by DNMT1.
PRKCDBP was not relative to cell migration. There was no
significant difference in the OD570 value between PRKCDBP
OE A549/DDP group and PRKCDBP OE A549/DDP NC
group (t=1.654, P=0.213) (Fig. 3). This highlighted that
overexpression of PRKCDBP did not influence the migration
ability of A549/DDP cell line.
Overexpression of PRKCDBP inhibited cell proliferation
and reduced IC50 in the A549/DDP cell line. Compared
with the PRKCDBP OE‑NC A549/DDP group, OD450 in
the PRKCDBP OE A549/DDP group was markedly reduced
at 0 (P<0.05), 24 (P<0.05), 48 (P<0.01), and 72 h (P<0.01)
(Fig. 4A). The IC50 of cisplatin in the PRKCDBP OE
A549/DDP group (5.98±1.20 µg/ml) was lower than that in
the A549/DDP (10.68±2.12 µg/ml, P<0.001) and PRKCDBP
OE‑NC group (10.87±2.21 µg/ml, P<0.001) (Fig. 4B).
Overexpression of PRKCDBP promoted cell apoptosis.
Flow cytometry showed an apoptotic rate of 11.07±0.74%
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Figure 9. TNF‑α regulated PRKCDBP to influence cisplatin resistance in LAD. (A) The TNF‑α mRNA level in A549/DDP was less than that in A549 cells
(t=41.52, P<0.0001) and BEAS‑2B (t=42.50, P<0.0001). (B) Lentivirus‑mediated TNF‑α overexpression and siRNA vector transfection cells was established.
(C) After TNF‑α was overexpressed, PRKCDBP mRNA expression level was increased (t=5.977, P=0.004) in A549/DDP. After TNF‑α was knocked down,
the PRKCDBP mRNA expression level was reduced (t=7.878, P=0.001) and in A549. (D) After TNF‑α was overexpressed, IC50 was decreased (IC=10.6±0.4
vs. 5.4±0.2 µg/ml, t=6.34, P=0.002) in A549/DDP. After TNF‑α was knocked down, IC50 was increased (IC=1.4±0.1 vs. 3.7±0.2 µg/ml, t=10.45, P=0.007) in
A549. ##P<0.01, ###P<0.001, **P<0.01, ***P<0.001. TNF, tumor necrosis factor; PRKCDBP, protein kinase C delta binding protein.

Figure 10. Overexpression of DNMT1 improved IC50 in A549 cells. The
IC50 of cisplatin in DNMT1 OE A549 group (5.83±0.18 µg/ml) was higher
than A549 (1.99±0.10 µg/ml, P<0.001) and DNMT1 OE‑NC A549 group
(2.06±0.22 µg/ml, P<0.001). Thus, overexpression of DNMT1 improved the
IC50 of cisplatin in A549 cells and increased cisplatin resistance. ***P<0.001.

in the PRKCDBP OE A549/DDP group was significantly
higher than that of 7.46±0.39% in the PRKCDBP OE‑NC
A549/DDP group (t=8.652, P<0.001), which demonstrated that
overexpression of PRKCDBP promoted cell apoptosis (Fig. 5).
Additionally, the cells in G0/G1 phase (80.07±2.4%) in the
PRKCDBP OE A549/DDP group were significantly increased
(t=22.147, P<0.001), compared with those in the PRKCDBP
OE‑NC A549/DDP group (72.24±2.1%), while those in the S
(12.51±0.21%) and G2/M (9.31±0.11%) phases were markedly
declined (18.65±0.13 and 10.99±0.12%) (t=‑4.15, P<0.001;
t=‑8.02, P<0.001). The results of the cell cycle assay further
confirmed that overexpression of PRKCDBP inhibited the
proliferation ability of A549/DDP cell line (Fig. 6).
Results of DNA methylation. As shown in Fig. 7, the degree
of methylation of PRKCDBP in A549/DDP cell line (66/75)
was markedly higher than that in A549 cells (56/75)
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(Table I). Therefore, DNA methylation was caused by DNA
methyltransferase DNMT1, resulting in hypermethylation of
PRKCDBP promoter in A549/DDP cells and reduction of
PRKCDBP mRNA and protein levels. Further studies showed
that PRKCDBP mRNA level was notably elevated with 5 µM
decitabine for 24 h (t=16.00, P<0.0001), while the DNMT1
mRNA level was significantly decreased (t=48.422, P<0.0001)
(Fig. 8). Therefore, decitabine is a specific DNA methyltransferase inhibitor that can inhibit the DNMT1 mRNA level,
thereby inhibiting the methylation of PRKCDBP, leading to an
increase in the PRKCDBP mRNA level.
TNF‑ α regulated PRKCDBP to influence cisplatin resis‑
tance in LAD. We compared the PRKCDBP OE A549/DDP
group and the PRKCDBP NC A549/DDP group by mRNA
expression profiling, and it was found that TNF‑ α could
regulate PRKCDBP. Our findings revealed that the TNF‑ α
mRNA level in A549/DDP cell line was lower than in A549
cells (t=41.52, P<0.0001) and BEAS‑2B (t=42.50, P<0.0001)
(Fig. 9A). Lentiviral vector‑mediated overexpression of
TNF‑ α A549/DDP and siRNA vector transfection of A549
cell line (Fig. 9B) was established. After TNF‑ α was overexpressed, PRKCDBP mRNA level was elevated (t=5.977,
P=0.004, Fig. 9C), and IC50 was reduced (10.6±0.4 vs.
5.4±0.2 µg/ml, t=6.34, P=0.002, Fig. 9D) in A549/DDP. After
TNF‑ α was knocked down, PRKCDBP mRNA level was
reduced (t=7.878, P=0.001, Fig. 9C) and IC50 was increased
(1.4±0.1 vs. 3.7±0.2 µg/ml, t=10.45, P=0.007, Fig. 9D) in
A549 cells. Thus, we speculated that TNF‑α could regulate
PRKCDBP expression level to influence cisplatin resistance
in LAD.
Overexpression of DNMT1 improved IC50 in A549 cells. The
IC50 of cisplatin in DNMT1 OE A549 group (5.83±0.18 µg/ml)
was markedly higher than that in A549 cells (1.99±0.10 µg/ml,
P<0.001) and DNMT1 OE‑NC A549 group (2.06±0.22 µg/ml,
P<0.001) (Fig. 10). Therefore, overexpression of DNMT1
improved the IC50 of cisplatin in A549 cells and increased
cisplatin resistance.
Discussion
Cisplatin exerts anticancer effects via multiple mechanisms,
yet its most prominent (and best understood) mode of action
involves the generation of DNA lesions followed by activation of the DNA damage response and the induction of
mitochondrial apoptosis. Despite a consistent rate of initial
responses, cisplatin treatment often results in the development of chemoresistance, leading to therapeutic failure (8‑12).
Cisplatin resistance arises through a multifactorial mechanism
involving reduced drug uptake, increased drug inactivation,
increased DNA damage repair, and inhibition of transmission
of DNA damage recognition signals to the apoptotic pathway,
such as P53 pathway.
In the current study, our findings showed that PRKCDBP
level was markedly decreased in LAD tissues and A549/DDP
cell line compared to the adjacent cancer tissues and A549
cells, while the DNMT1 mRNA level was significantly
elevated. In addition, the promoter of PRKCDBP was
hypermethylated in A549/DDP. DNMT1 mRNA level in
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cisplatin‑insensitive group was markedly higher than that in
cisplatin‑sensitive group while PRKCDBP mRNA expression
level in cisplatin‑insensitive group was notably lower than that
in cisplatin‑sensitive group. Compared with the PRKCDBP
NC A549/DDP group, the DNMT1 mRNA level was significantly reduced. Further investigation showed that PRKCDBP
mRNA level was significantly elevated after treatment with
5 µM decitabine for 24 h, while DNMT1 mRNA level was
markedly decreased. The above‑mentioned findings revealed
that PRKCDBP is a tumor suppressor gene and the promoter
of PRKCDBP was hypermethylated in A549/DDP cell line by
DNMT1.
After PRKCDBP was overexpressed, cell proliferation,
S phase and G2/M phase cells were notably reduced. By
contrast, apoptosis ability, G0/G1 phase cells and IC50 of
cisplatin were significantly elevated, although the migration
ability did not markedly change. We compared the PRKCDBP
OE A549/DDP group and the PRKCDBP NC A549/DDP
group by mRNA expression profiling, and it was found that
TNF‑α could regulate PRKCDBP. These results are consistent
with some literature reports (17,20,21). TNF‑α resulted in an
increase of the PRKCDBP mRNA level, while TNF‑α siRNA
led to a decrease thereof (P<0.001). These findings demonstrated that low PRKCDBP could increase the proliferation
ability and IC50 of cisplatin. TNF‑ α appeared to regulate
PRKCDBP mRNA level to affect cisplatin resistance in LAD.
Overexpression of DNMT1 improved the IC50 of cisplatin in
A549 cells and increased cisplatin resistance.
In summary, results of the present study showed that the
promoter of PRKCDBP was hypermethylated in A549/DDP.
Low expression level of PRKCDBP could promote cisplatin
resistance in LAD by DNMT1 and TNF‑α.
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